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will attach to the DNA of the single
phage that contains a copy of the ele-
ment, and it will not attach to the
other phage DNA’s. In this manner,
the d™ gene controlling plant height
has been tagged with a radioactive
signal and can be separated from all
the other plant genes.

Once the gene that controls plant
height has been isolated, it can be
characterized to decipher the particu-
lar protein information it encodes and
how this protein works in the plant.

Applications of
Transposon Tagging

The basic approach of transposon tag-
ging previously described is highly
simplified. Although it has been used
extensively in bacteria and in Droso-
phila melanogaster (fruit fly), the only
plant in which the method has been
used to date is Zea mays (corn).
Some elements that inactivate genes
have been identified by variegation
effects or DNA sequence features
that indicate transposable element ac-
tion in several higher plant species.

In contrast to the wealth of knowl-
edge about transposable elements in
corn, genetic and molecular descrip-
tions of mobile elements in other
plants are much more limited. Future
research will attempt to determine
whether transposable elements from
corn or other species will move within
the chromosomes of new host plants
into which they are transferred by ge-
netic engineering rather than sexual
crossing.

Plant biotechnology in the future
will benefit by modification and trans-
fer of genes for disease resistance and
other valuable agronomic traits in
higher plants. Mobile elements and
other recently emerging approaches,
such as mapping DNA by restriction
fragment length polymorphisms
(RFLPs) provide a way by which to
identify and physically isolate these
genes.
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Molecular techniques for studying
genes for pathogenicity have
provided powerful insights for under-
standing the complex interactions
among pathogens and their plant
hosts. Further, these insights have
provided ideas that may be exploited
for controlling plant disease.

Pathogenicity is defined here as the
ability of a disease-causing organism
to establish a symbiotic relationship
with a host plant that includes infect-
ing, colonizing, and damaging the
host plant. Genes for pathogenicity
are sequences of DNA-mediating
rearrangement of pathogenic ge-
nomes and regulation or synthesis of
proteins or other compounds involved
in the phenotype for pathogenicity.

infection

The infection process consists of pen-
etration of the host by the pathogen
and establishment of a nutritional re-
lationship with the host. For penetra-
tion to occur, the bacterium must
come into contact with and, in many
cases, attach to the host. For exam-
ple, agrobacteria attach to plant cell
walls through interactions of bacterial
lipopolysaccharides with plant cell
wall carbohydrates. More secure at-
tachment is provided by cellulose fi-
brils produced by the bacterium
which lace bacterial cells to the plant
cell surface. Genetic elements related
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to processes for attachment and cellu-
lose fibril formation have not been lo-
cated on plasmids and will probably
be found on the bacterial chromo-
some.

Penetration. Penetration of bacte-
ria into their hosts occurs by several
methods: they may be forced into
plant tissue by water congestion, they
may be introduced into wounds, they
may penetrate directly, or they may
be injected into their hosts by suck-
ing insects. Molecular studies of the
soil bacterium Streptomyces scabies,
causal agent of potato scab, have led
to the cloning and characterization of
DNA sequences mediating an extra-
cellular cutinase that may be involved
in direct penetration of the mycelium
of the pathogen through the cuticle
into its host.

Agrobacteria, which cause crown
gall (Agrobacterium tumefaciens) and
hairy root (A. rhizogenes), are espe-
cially interesting since the oncogenic-
ity-inducing plasmids, pTi from A. tu-
mefaciens which controls tumor
formation and pRi from A. rhizogenes
which controls root formation, contain
within their genomes portions of
DNA that are inserted directly into
the host plant’s genome. The major
portion of the pTi or pRi plasmids
does not become incorporated and is
probably degraded by host endo-
nucleases.

Since only these oncogenicity-
mediating gene sequences (TDNA’s)
are required for pathogenicity, they
are pathogens while both the bacter-
ium and the pTi or pRi plasmids are
merely biological and molecular vec-
tors, respectively. The processes by
which the plasmids and the TDNA's
penetrate through plant cell walls,
cross the plasmalemma, and arrive in
the nucleus have not been described;
however, proteins produced from
genes located on pTi are known to be
involved in DNA transfer to plant
cells.

Genes for Pathogenicity

Nutritional Relationship. For
infection to succeed, a nutritional re-
lationship must be established be-
tween the pathogen and its host.
Detecting this relationship is under-
standably difficult; however, for bac-
teria a nutritional relationship has oc-
curred and infection has taken place
at the point when the lag phase fol-
lowing penetration ends and the ex-
ponential growth phase begins.

Pathogenic TDNA'’s pose a special
problem. Like viruses, they do not
have nutritional processes of their
own, but depend instead upon the
host’s synthetic pathways to increase
their numbers. In this case, a nutri-
tional relationship has been estab-
lished at the point following its re-
combination into the host genome
and at the initiation of host directed-
DNA synthesis of the TDNA. For
pathogenic TDNA'’s, establishment of
a nutritional relationship depends
upon insertion of the pathogenic
TDNA into the host genome by an
unknown process. DNA border se-
quences, however, have been identi-
fied at the left and right ends of the
inserted TDNA that are involved in
successful recombination. Further,
the sequences from the right border
are absolutely required and may re-
place entirely the sequences for the
left border for successful insertion.
These border sequences fit the defini-
tion for genes for pathogenicity al-
though no protein products have been
associated with them.

The host range of plant pathogenicity
usually refers to the range of different
genera and species on which a partic-
ular pathogen may cause disease. In
this usage, host range represents the
basic compatibility between a patho-
gen and its host that allows disease
development. The best molecular
studies of host range have been per-
formed with agrobacteria and have
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revealed that the plasmids related to
oncogenicity-mediated differences in
host range.

Molecular studies revealed that a
portion of the pTi plasmid outside of
the TDNA region is responsible for
the differences in host ranges. This
region of pTi has been named the vir-
ulence region, and several vir genes
have been described within that re-
gion. It is unfortunate that the term
vir was used to indicate genes con-
trolling host range since it com-
pounds the confusion created by an
alternate use of the term virulence.

It has been learned, however, that
exposure to plants of different species
induces the formation of different
proteins. This suggests strongly that
host range differences require pro-
duction of gene products by the path-
ogen. In the future, these studies will
lead to a molecular knowledge of
basic compatibility between patho-
gens and their hosts.

Overcoming Host
Resistance

The term virulence also is used to
mean the ability of pathogens to over-
come host resistance. This usage dif-
fers from the usage concerned with
host range since it refers to host-
specificity among cultivars of plants
within a species rather than the abil-
ity to cause disease among a group of
species or genera.

It follows that pathogens are orga-
nisms capable of causing disease on
some host plant. Nonpathogens, then,
do not cause disease on any host
plant. Virulent pathogens, however,
can cause disease on a particular cul-
tivar of a plant species, avirulent
pathogens do not cause disease on a
resistant cultivar, but can cause dis-
ease on some susceptible cultivar of
the same species.

A virulent pathogen on its suscepti-
ble host cultivar comprises a compati-

ble interaction. Conversely, an aviru-
lent pathogen on a resistant host
cultivar yields an incompatible inter-
action. Virulence is superimposed
over basic host range compatibility
and comprises a fertile area for mo-
lecular research into the interactions
of pathogens and their hosts.

For some time it has been recog-
nized that specific genes in the host
mediate specific resistance to specific
races of pathogens. Further, it has
been found that the incompatible or
race-specific resistance is mediated by
the presence of a specific gene in the
pathogen. In other words, specific in-
compatibility implies that a gene-for-
gene relationship exists between the
pathogen and its incompatible host.
Avirulence genes, then, differ from
host range genes in that they block
pathogenesis rather than enable path-
ogenesis. It is possible, therefore, that
virulence genes exist as separate
entities from host range genes and
modify the expression of host range
genes in response to the presence of
resistance genes in the host.

Support for this model is found in
the discovery that avirulence genes
may be moved from an avirulent
strain of Xanthomonas campestris pv.
vesicatoria, causal agent of bacteria
spot of peppers and tomatoes, to a vir-
ulent strain and cause an incompati-
ble interaction in the presence, but
not the absence, of a single host re-
sistance gene.

Other studies have indicated that
transfer of an avirulence gene from
one species of a pathogen to a second
results in the second species develop-
ing incompatible reactions to the re-
sistance gene specific for the first
pathogen. In this case, an avirulence
gene from Pseudomonas syringae pv.
glycinea was transferred to Xantho-
monas campestris pv. glycines, and
both soybean pathogens responded in
an incompatible manner to the pseu-
domonad resistance gene in soybean
lines.
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Host Damage

For pathogens, damage caused to the
host is related to the production of
toxins, enzymes, or plant growth reg-
ulating compounds that result in cel-
lular disruption and release sub-
stances useful for pathogen nutrition.
In soft rot pathogenesis, degradative
enzymes such as pectate lyases, poly-
galacturonases, cellulases, proteases,
and phosphokinases or phospholi-
pases destroy elements of plant cells
and release cell wall sugars, amino
acids, or components of cell mem-
branes for the use of the pathogen.

Chief among the aims of molecular
studies will be the discovery of the
coordination of the various enzymes
required to cause soft rot and elucida-
tion of the regulation of the enzymes.
These studies will indicate how soft
rot pathogens differ from several non-
pathogenic organisms that have many
if not all of the enzymes system ap-
parently required for pathogenesis,
yet remain saprophytes unable to col-
onize living plant tissue.

The production of low molecular
weight toxins is an important mecha-
nism for plant damage for several
plant pathogens. In the case of phas-
eolotoxin produced by Pseudomonas
syringae pv. phaseolicola, causal agent
of halo blight of bean, molecular
studies have located several genes
probably in the biosynthetic pathway
for toxin production. Further, molecu-
lar mechanisms for resistance to their
own toxins have been discovered in
P. syringae pv. phaseolicola as well as
in Pseudomonas syringae pv. tabaci
which produces tabtoxinine beta-
lactam.

One possible outcome of this re-
search will be the transfer of genes
for these resistance factors from the
pathogen for orntihine carbamoyl-
transferase (resistant to phaseolo-
toxin) or glutamate synthetase (resist-
ant to tabtoxinin beta-lactam) into
plant genomes to create crops resist-
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ant to toxin damage.

Tumor-causing bacteria such as
Agrobacterium tumefaciens and Pseu-
domonas syringae pv. savastanoi,
cause plant damage through altera-
tion in levels of plant growth regulat-
ing compounds such as auxins or cy-
tokinins. For the olive knot organism
(P. syringae pv. savastanoi), two
genes for auxin production are lo-
cated either on a plasmid or in the
chromosome of the pathogen. This
pathogen modifies its host by secret-
ing auxins into the plant tissue.

For the pathogenic TDNA of the
crown gall organism, the picture is
different. In this case, genes for both
cytokinin and auxin production are -
carried on the TDNA, inserted into -
the host plant’s genome, and ex-
pressed using eukaryotic rather than
prokaryotic transcription and transla-
tion machinery. In this second model,
the pathogen has changed the ge-
netic machinery of the host to pro-
duce the plant growth regulating
compounds. ,

Researchers have already taken ad-
vantage of the ability of the TDNA to
insert into host DNA to engineer
plants for resistance to antibiotics,
herbicides, and disease resistance by
deleting the information for the genes
mediating plant growth regulating
compounds and replacing them with
the desired genes.
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